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(54) Extended release tablets particularly containing pseudoephedrine hydrochloride 



{57} This invention relates to extended-release tab- 
lets particularly containing pseudoepfiedrine hydrochlo- 
ride. The tablets comprise a sustained release hydro*- 



ypropyl meihylceliuioss matt ix, a microcrysialiine cellu- 
lose dissmegrant. and a filler and are formed by a dry 
granulation, direct compression method A method lor 
forming these tablets is also disclosed. 
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Description 

BACKGROUND QF THE INVENTION 

[0001] The advantages of sustained release products 
are widely recognized in the art and are of extreme im- 
portance »i the pharmaceutical field. Through the use 
of such products, orally administered medications cart 
be delivered continuously at s uniform rate over a pro- 
longed period of time so as to provide a stable, prede- 
termined concentration of drug in the bloodstream, with- 
out requiring class monitoring and frequent re-admlnis- 
tralbr 

[0002] The sustained release character of such prod- 
ucts is achieved by one of two methods: 1) providing a 
sustained release coating upon tablets or microspheres 
wherein alow release of the active occurs via either 
gradual permeation through or gradual breakdown of 
this coating or 2) providing a sustained release matrix, 
such as a fat, a wax, or a polymeric material intermixed 
with the active ingredient in the tablet itself. See. e.g.. 
Mantord Robinson, "Sustained Action Dosage Forms" 
in The Theory and Practice of industrial Pharmacy, ch. 
14 {L Laehman et a!., eds ... 2d ed., 1976} 
[0003] Such sustained release matrix formulations 
are typically prepared by methods involving pie-granu- 
lating the active ingredient together with the matrix ma- 
terial via a wet granulation, solvent granulation, shear- 
melt or roto-melt granulation, or a wet pre-adsorption 
technique, in these techniques, a liquid phase Is used 
in order to uniformly mix and/or ciosely contact the in- 
gredients together so as to provide an evenly distributed 
matrix in intimate association with the active ingredient. 
These formation processes help prevent creation of in- 
terspersed quick-release zones which would result in 
discontinuous dissolution of the tablet and thus cause 
bioconceniraiion spikes o? active ingredient in the pa- 
tient They frequently also result in granules of a rela- 
tively higher density than dry granulated ones, thus al- 
lowing - upon compression - the production of tablets, 
for a given dose, that are smaller than those made by 
dry granulation for the same intended release rate. 
[0004] However, these liquid phase methods require 
a multiplicity of steps and equipment lor storage, han- 
dling, and dispensing of liquids, for drying, artd/or for 
heating of the ingredients. When the liquid Is water, its 
volume must be very carefully controlled so as to pre- 
vent any dismfegrant in the formula from swelling; when 
the liquid is a volatile organic solvent, additional precau- 
tions must he taken to address the risks of fire, explo- 
sion, and worker exposure. Where a melt processing 
technique is used, heating presents a risk of Inactlvatlon 
of at least some of the active material and is incompat- 
ible for use with some active ingredients. 
[0005] Thus, dry granulation has sometimes been 
used to form sustained release matrix tablets. This tech- 
nique involves pre-granulating; the matrix material with 
the active ingredient without the use of added liquids or 



heat. For example. U.S. 4. £59, 81 4 So Lowey employs a 
mixture of hydroxypropyi melhy feeSSuiose {"HPMC*) and 
hydroxypropyi cellulose to form a sustained release ma- 
trix in which the cellulose ether mixture has a weighted 

s average viscosity rating of £5Q4500cps. and preferably 
1S0O-2SO0cps. These are equilibrated under an atmos- 
phere having up to 40% relative humidity and then pre- 
mixed together before drying to a moisture content of 1 
% or lees. The active and other ingredients - after they 

»« have equilibrated under £40% humidity - are combined 
with the cellulose ether mixture and the resulting com- 
bination is compressed at &40% humidity to produce a 
tablet, 

[0006] U.S. 5.451,406 to Rencher et al. discloses a 
'S dry granulated pseudoaphedrine tablet in which a mix- 
ture of hydroxypropyi cellulose and hydrexyethyi celiti- 
iose forms the sustained release matrix: 0.5-10% HPMC 
is also added as a binder. 

[0007] U S. 5,065,855 to Nayak discloses a two-layer 
«> tablet wherein one layer comprises a SOmg pseo- 
doephedrlne controlled release matrix formulation. The 
matrix or "sustained release agent" comprises hydrox- 
ypropyl and/or bydroxyelhy! cellulose and, preferably al- 
so, sodium crosearmefose; this agent is present in an 
25 amount equivalent to at least twee that of pseudoephe- 
drine. Up to half of the cellulose ether component may 
consist of HPMC This layer may be formed using a dry 
granulation process. 

[0008] However, none of these earlier formulations 
30 has produced a dry granulation .direct compression tab- 
le! employing a single polymer, HPMC controlled re- 
lease matrix, which is able to provide sustained bioa- 
vaiiable concentrations equivalent to that: of . e.g., wet or 
melt granulated, 12 hour release products. As a result, 
3$ the efficiency and economy of production afforded by 
such a dry granulation, direct compression process 
have not been achieved for such formulations in general 
nor for pseudoephedane formulations in particular. 

40 SUMMARY OF Ti-iE iNVENTIQN 

[0009] The present invention relates to pseudoephe- 
drine hydrochloride extended-release tablets which 
comprise a sustained release HPMC matrix, a mlcroe- 
45 rysialiine cellulose dislntegrant, and a filler and which 
are formed by a dry granulation, direct compression 
method. The HPMC of the invention has a molecular 
weight below 50K and a hydroxy propyl content of less 
than 9% by weight. A method i'or producing such tablets 
so Is also disclosed. 

DETAILED DESCRIPTI ON. QF. THE. PREFERRED. 
EMBODIMENTS 

ss [0010] in a preferred embodiment of the present in- 
vention, an active ingredient is first mixed together with 
a giidant and a filler and, after mixing, the combination 
Is milled. Preferably, the active ingredient is pseu- 
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doepnedrine or a pharmacologically acceptable sals 
thereof, such as psetKfoephedrine hydrochloride or 
pseudcephadrine sulfate. Most preferred Is pseu- 
doephedrine hydrochloride About 120mg per tablet of 
the active ingredient is used. 
[0011] The glidants, filters, and other exctpients thai 
may be used in the preferred embodiments include 
those described, e.g.. in Handbook of Pharmaceutical 
Bxcipients (J.C, Boyian, at at., eds., 1986) and/or h.a. 
LiabermaU; et at.. Pharmaceutical Dosage Forms; Tab- 
lets (2d ed. 1990). Preferred glldants include coitoidat 
silica and precipitated silica, A preferred colloidal silica 
Is Cat'-o-Sild* produced by the Cabot Corp. of Boston, 
MA; a preferred precipitated silica is Sytotdss) produced 
by W.R. Grace Co. of New York. NY Preferably; about 
0.2-2% by weight of glidant based on the final we:ghf 
of the composition, is employed. Where colloidal silica 
alone is used, the final composition will preferably com- 
prise about 0.2-0.8% by weigh! glidant, more preferably 
about 0 .25-0.75%. 

[0012] Preferred fillers include calcium salts and sug- 
ars, for example, calcium phosphates, calcium spates, 
mannitcl, lactose, and mixtures thereof More preferred 
titters include dicaScium phosphate, tribasic caicium 
phosphate, directly compressible calcium sulfate di- 
rectly compressible mannitoi, anhydrous lactose, flow- 
able lactose (e.g.. Fast Flo® lactose produced by Fore- 
most Farms USA of Saraboo. Wisconsin), and mixtures 
thereof. Most preferred is tftcaicium phosphate. Prefer- 
ably, about 20-40% by weight filler, based on the weight 
of the final composition, is employed. However, where 
the filler consists of one or more sugars alone, prefera- 
bly about 20-30% o? filler is used. 
[001 3J After the above mixture ss milted, ft is passed 
through a mesh screen along with she HPMC and a die- 
integrant/binder, and these are mixed together. The HP- 
MC has a hydroxypropy! content of less than 9% and a 
molecular weigh! below S0K Preferably, tins molecular 
weight is below about 30K, A preferred HPMC is Meth- 
ocel® K100LV (produced by Dow Chemical Co. of Mid- 
land, Ml) which has a viscosity of about 1 0Ocps for a 2% 
solution. Preferably about 20-40% HPMC is used, mors 
preferably about 25-30%. 

[0014| A preferred disintegrant/binder \$ microcr/stal - 
line cellulose. Suitable microcrystaiiine cellulose prod- 
ucts include Emcocel© {produced ay the Edward Men- 
deli Co. of Patterson, NY) Avicei® (produced by FMC 
Corp. of Philadelphia, PA) : and mixtures thereof. In a 
preferred embodiment, about 25-50%,, by weight ot the 
final composition, of microcrystaiiine cellulose Is used, 
more preferably about 25-30% Not more than a com- 
bined amount of about 80% of disintegrant/binder and 
HPMC should be used. Also, the amount of microcrys- 
saiiins cellulose should net substantially exceed thai of 
HPMC, e.g., by more than 20-25%. 
[0O1S] Attar the above components are mixed togeth- 
er, a lubricant isaddsd and the composition is thorough- 
ly mixed. Preferred lubricants include sodium stearyl fu- 



marafe and metal stearates, alone or in combination 
with stearic acid. More preferred lubricants include mag- 
nesium stearate, zinc sfearate. calcium stearate, arid 
mixtures thereof, aioneor in combination with stearic ac- 
s id. Preferably about 0.2-2%, by weight ot the final com- 
position, of lubricant is used, more preferably about 

0. 25-1 .25%. For example, where magnesium stearate 
is the sole lubricant, the composition preferably com- 
prises about 0.3-0,5% lubricant; where a magnesium 

»« stearate-stearic acid mixture is used as the lubricant, 
about 0.25% magnesium stearate may be combined 
with as much as about 1% stearic acid 
[0016] After the composition has been thoroughly 
mixed. It Is directly compressed to form tablets, i.e. any 

** solid form, e.g., caplets. These are then coated with a 
pharmaceutical^ acceptable coating. Preferred coat- 
ings include cellulose ether-based coatings,, such as 
HPMC-based coatings. A preferred coating is Opacity, 
produced by Coiorcon, Inc. of West Point. PA. Prefers- 

20 biy about 0.5-4% by weight of costing ss used (in terms 
of weight added to the uncoated tabtet), mors preferably 
about 1-2%. 

Example 1 

[0017] 120 mg pseudoephedrine hydrochloride ca- 
plets were prepared as described above, using a Meiiv 
ocel K100LV matrix, These were administered, one 
each, to 1 2 human subject volunteers comprising Group 

3S A (the test group): 12 Sudafsd'l> 12 How Capiets {Warn- 
er Wellcome Consumer Healthcare) were administered, 
one each, to 12 human subject volunteers comprising 
Group B (the comparison group). Plasma concentra- 
tions of the active ingredient were determined by eapii- 

3S lary gas chromatography from blood samples drawn 
from each patten! at 0, 1, 2, 3, 4, 4.5, 5, 5,5, 6, 8 5. 7. 
8, 10, 12. 16, 24, 30, and 36 hours posl-administration. 
[0019] This example demonstrates that the dry gran- 
ulation, direct compression product of the present irwen- 

*o tlon is bioequivatent to national brand. 1 2 hour release 
pseudoephedrine tablets. 

[0019] Variations of the methods and resulting com- 
positions described herein as the prefer red embodiment 
of the Invention may be apparent to those in this field 
4S once they have studied the above description. Such var- 
iations are considered to be within me scope ot the in- 
vention, which Is Intended to be limited only jo the scope 
of the claims and the reasonably equivalent ingredients 
and methods So those defined therein. 

Claims 

1. A method for producing extended release tablets 
comprising the steps of: 

mixing an active ingredient with a gfkJant and a 
filler to form a mixture; 
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milling the said mixture; 
screening the said mixture together with about 
20% to about 40% of a HPMC , having a hydrox- 
ypropyi content below 9% and a molecular 
weight below 50K, and about 25% toabout 50% 
microcrystailine cellulose !o form a combina- 
tion; 

mixing the said combination; 

adding a lubricant to sasd combination to form 

a compos ition, and 

directly compressing said composition to form 
tablets. 

2. The method according to claim 1 f urther comprising 
the step of coating said tablets with a pharmaceuti- 
cal acceptable coating. 

3. The method according to claim 2 wherein said coat- 
ing is selected one of She cellulose ether-based 
coatings. 

4. The method according to claim 3 wherein said coal- 
ing comprises about 0.5% to about 4% by weight of 
said composition. 

5. "he method according any preceding claim wherein 
said active ingredient is selected from the group 
consisting of pseudoephedrine and its pharmaco- 
logically acceptable sails. 

8. The method according to claim 3 whore-in said ac - 
tive ingredient is pseudoephedrine hydrochloride. 

7. The method according to any preceding claim 
wherein said active ingredient is present in an 
amount sufficient to produce tablets each compris- 
ing about 120mg of said active Ingredient 

8. The method according to any preceding claim 
wherein said giidant is selected from the group con- 
sisting of colloidal silica and precipitated silica. 

0, The method according to any preceding claim 
wherein said composition comprises about 0.2% to 
about 2% by weight of said giidant. 

10. The method according to any preceding claim 
wherein said fitter is selected from the group con- 
sisting of dicafciurn phosphate., tribasic calcium 
phosphate, directly compressible calcium sulfate, 
directly compressible mannilol, anhydrous lactose, 
ffowable lactose, and mixtures thereof. 

11. The method according tociasm 10 wherein saidtjiter 
is dicafciurn phosphate. 

12. The method according to any preceding claim 
wherein said composition comprises about 20% to 



about 40% by weight of said fitter. 

13, The method according to any preceding claim 
wherein said lubricant is selected from the group 

s consisting of sodium stearyl fumarate, magnesium 
stearata, zinc stearate. calcium stearate, mixtures 
thereof, and mixture thereof with stearic acid. 

14, "fne method according to any preceding ctaim 
»« wherein said composition comprises about 0.2% lo 

about 2% of said lubricant. 

15, The tablet produced according to a method of any- 
preceding claim. 

is 

16, A dry granulated, direct compressed, extended re- 
lease pharmaceutical tablet comprising an active 
ingredient, a giidant; a filter, about 20% to about 
40% of a HPMC having a hydroxypropyi content be- 

20 low 9% and a molecular weight below SDK, about 
25% to about 50% microcrystailine cellulose, and a 
lubricant. 

1 7, The tablet according to claim 16 wherein said active 
«5 ingredient is selected from the group consisting of 

pseudoephedrine and its pharmacologically ac- 
ceptable salts. 

18, The tablet according to claim 1 7 wherein said active 
so Ingredient is pseudoephedrine hydrochloride. 

19, The tablet according to any of claims 16 to IS 
wherein said active ingredient is present in an 
amount sufficient to produce tablets each compris- 
es ing about 1 20mg of said active ingredient. 

20, The tablet according to any of claims 16 to 19 
wherein said ylidanl is selected from the group con- 
sisting of coilotdai silica and precipitated silica. 

40 

21, The tablet according to any of claims 16 to 20 
wherein said composition comprises about 0.2% to 
about 2% by weight of said giidant. 

4S 22. The tablet according to any of claims 1 6 to 21 
wherein said filler is selected from the group con- 
sisting -of dicalcium phosphate, trlbasic calcium 
phosphate, directly compressible calcium sulfate, 
directly compressible tnacnitoi. anhydtous lactose, 

so flowable lactose, and mixtures thereof. 

23. The tablet according to claim 22 wherein said filler 
Is dicalcium phosphate. 

ss 24. The tabief according to any of claims 16 to 23 
wherein said composition comprises about 20% to 
about 40% by weight of said tiller. 
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25. The tablet according fo any ci damns 16 io 24 
wherein said lubricant is selected from fha group 
consisting of sodium stearyf fumarate, magnesium 
sisatsts, zinc steamte. oaicium stearate, mixtures 
thereof, and mixture thereof with stearic acid. 
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